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ABSTRACTS 
A works analysis approach for designing professional training. The 
contribution of ergonomics in orienting the upstream design of a virtual 
reality environment. The aim of this article is to present and discuss a 
works analysis approach. This approach was developed within the context of 
a design project aiming to build a virtual environment for training (VET) 
workers involved in the assembly of aircraft parts. The frameworks of 
ergonomics and professional didactics served as a background for this study 
which took place in three stages: 1) an analysis of both demand and project, 
2) work analysis (trainers, trainees and production unit workers, and 3) a co-
analysis device to co-analyse work knowledge and its transmission by 
trainers. During the study, the focal point of work analysis, the people 
concerned and the results produced by ergonomists all evolved and became 
more complex. Using reflection on our own ergonomic practice, we discuss 
the benefits of works analysis as a means of identifying the wide range of 
training situations and of taking part in design projects. 
KEYWORDS 
conception, training, virtual environment, work analysis, aeronautics 
 
This article reflects on an approach to works analysis with a view to taking part in the design of a 
training tool. More specifically, we will focus on how such an approach helps to orient design choices 
for a virtual training environment demonstrator. Its purpose is therefore to help produce models for 
ergonomist participation in design and, more particularly, in the field of professional training. It is 
rooted in a multidisciplinary design research project (bringing together a manufacturing company and 
one of its subsidiary sites, computer engineers, automation engineers, designers and ergonomists) 
upstream of a virtual training environment (VTE) for aeronautical assemblers
1. As ergonomists, our initial brief came in two parts: 1) to analyse existing professional situations in 
order to write learning situations into the VTE and 2) to assess the VTE’s “internal and external 
relevance” (Delgoulet, 2001) when it comes to learning a given profession. We only discuss the first 
part here.  
                                                
1  The “Natural Interactions, Knowledge, Immersive system for Training in Aeronautics” (NIKITA) research project, 
funded by the Agence National pour la Recherche (ANR) and coordinated by Domitile Lourdeaux from the Heudiasyc 
laboratory at the Université Technologique de Compiègne (http://www.emissive.fr/nikita/). 
!766"#"'(9*(:(;&,/75,&+'()*  Works analysis 
  in training design 
Activités, Volume 12 numéro 2 138 
This project thus relates to the initial phases of tool development, those of two versions of 
demonstrator design: in two dimensions using a “screen-keyboard” format, or in three dimensions 
using an “immersive” approach. The demonstrator is designed to integrate existing professional 
training devices, a tool a priori designed to become both a training instrument2 for trainers and a 
learning instrument for the future professionals being trained. From our standpoint, such a purpose 
requires implementation of work analysis in the sense of Daniellou (1996, p. 185), i.e. “the global 
approach, where the activity analysis is integrated into an analysis of the economic, technical and 
social factors with which the operator is faced, and an analysis of the effects of the company’s 
operations on the population in question and of economic efficiency”. We developed a “works 
analysis” approach to trainers, trainees and production operators at the crossroads of approaches 
defended in ergonomics and professional training (Boccara & Delgoulet, 2013; Chatigny & Vézina, 
2008; Olry & Vidal-Gomel, 2011; Ouellet, Vézina, & Chatigny, 2013; Pastré, 2011).  
Our approach therefore examines the place of works analysis, its scope and the actors involved, so that 
ergonomists can help to design a training tool (definition of objectives, training devices and situations, 
properties of the virtual environment and of the manipulated objects, tool functionalities, etc.). 
Without going into the details of all of the analyses performed, we discuss “works” analysis as a 
means of identifying the multiple horizons of the training situations to be defined: “training for 
what?”, “training how?”, “what device(s)?”, “for what purposes?” (Olry & Vidal-Gomel, 2011), 
considering working conditions for training to be learning conditions for trainees (Chatigny & Vézina, 
2008; Ouellet, Vézina, & Chatigny, 2013). To conclude, we return to the potential contributions that 
this approach can make to ergonomic intervention in the field of training design.  
1.- The theoretical framework of the approach 
VTE design has been the subject of numerous works which tend to focus on support technologies 
(non-immersive and immersive Virtual Reality, or Augmented Reality), the information manipulated 
in or by these tools and how it is presented (e.g. Brough, Schwartz, Gupta, Anand, Kavetsky, & 
Pettersen, 2007; Costello, 1997). More rarely, analyses focus on users (mainly on trainees) and their 
needs (Anastassova, Burkhardt, Mégard, & Ehanno, 2007) and consider tasks as they are prescribed in 
work situations (e.g. Hu, Zhang, & Salvendy, 2012). The activity and the conditions for its situational 
development are virtually ignored, which leads to an approach to learning based on presuppositions or 
prescriptions which do not allow one to consider the variability and diversity of real situations for the 
accomplishment of tasks and their transposition into learning situations.  
In ergonomics of activity and professional learning, training course design traditionally uses real work 
situations as a reference (Haradji, Kostulski, Morais, & Ughetto, 2014). However, when designing a 
new training tool, as is the case here, we make the hypothesis that these situations cannot be the sole 
point of reference if, prior to the design, we wish to take account of all actors and situations likely to 
be affected by the modified tool. It is therefore more a case of identifying baseline situations 
(Samurçay & Rogalski, 1998) which are pertinent to probable future situations, so as to direct and act 
during the process of designing the new training tool (Daniellou, 2004). As the design concerns 
training, these baseline situations fall into two categories: 1) production work and 2) training work.  
1.1.- Analysing activity for training course design 
Since the first works on ergonomics of activity (Leplat, 1955; Montmollin de, 1974; Ombredane & 
Faverge, 1955; Pacaud, 1975), researchers have helped inform the field of professional training (for a 
more comprehensive review, see: Teiger & Lacomblez, 2013). Prudent and sporadic for some 
considerable time, the number of works began to increase in the early 1990s (Rabardel, Teiger, 
                                                
2  In the sense of Rabardel (1995, p. 74), an instrument is “a mixed entity […] a totality consisting of both an artefact (or a 
fraction of an artefact) and one or more schemes of use.”  
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Laville, Rey, & Desnoyers, 1991; Teiger & Montreuil, 1996). Their contributions to training design 
are now numerous and may be divided into four main categories:  
1. Analysis of activity in work situations to identify training objectives and the critical skills which 
must be taught in order to equip workers (Berglund & Karltun, 2012; Chatigny & Vézina, 1995; 
Leppänen, 2001; Montmollin de, 1974; Ouellet & Vézina, 2008), to design pedagogical tools to 
meet the needs of trainees and trainers (Anastassova, Burkhardt, Mégard, & Ehanno, 2005; 
Aubert-Blanc, 2009; Boccara & Delgoulet, 2013; Olry & Vidal-Gomel, 2011), to identify the 
skills which are acquired and which may be transferred with a view to occupational retraining 
(Rabardel & Six, 1995), to identify the difficulties in appropriating the knowledge and know-how 
seen during the training and to retrospectively evaluate the training courses (Delgoulet, 2001; 
Gaudart, 2000);  
2. Analysis of the learning activity to identify what learners find easy or difficult when appropriating 
knowledge in work situations (Delgoulet & Marquié, 2002; Santos & Lacomblez, 2007; Cau-
Bareille, Gaudart, & Delgoulet, 2012); 
3. Analysis of the activity of transmission/sharing knowledge and know-how in work situations 
(tutorship, trade guilds, etc.; Cloutier, Fournier, Ledoux, Gagnon, Beauvais, & Vincet-Genod, 
2012; Delgoulet, Largier, & Tirilly, 2013; Gaudart, Delgoulet, & Chassaing, 2008; Thébault, 
Gaudart, Cloutier, & Volkoff, 2012; Thébault, Delgoulet, Fournier, Gaudart, & Jolivet, 2014) or 
during initial or further training (Anastassova & Burkhardt, 2009; Messing, Escalona, & Seifert, 
1996; Rogalski, 2003; Veyrac & Asloum, 2009; Viau-Guay, 2014; Vidal-Gomel, Boccara, 
Rogalski, & Delhomme, 2012) in order to characterise interactions between trainers/teachers and 
trainees, to propose pedagogical tools which are relevant to situations and needs, or organisational 
arrangements which facilitate the joint activity of learning in work or training situations;  
4. Training in and through the analysis of work done by actors in the fields of healthcare and 
occupational risk prevention or employee representation to transform their representations of the 
job and of the actions to engage in (Gaudart et al., 2012; Hubault, Noulin, Dupont, & Mélier, 
1994; Teiger & Lacomblez, 2013; Teiger & Laville, 1991; Wendelen, 1996); these works have 
also led to reflection on the evaluation of such programmes and their effects (Berthelette, 1995; 
Desnoyers, Berthelette, Gourde, & Authier, 1997; Lang, 2013; Montreuil, Brisson, Arial, & 
Trudel, 1997). 
Our contribution stands at the meeting point of the first three themes and offers ergonomists an 
approach for works analysis and intervention analysis in the field of professional training design. The 
originality of our stance lies most particularly in the fact that the training situation is considered as a 
work situation. This assumption is based on three complementary arguments: 1) trainers are workers 
caught within socioeconomic issues of viability, of quality, of the performance levels of the training 
tools that they design, coordinate and/or facilitate; their activity is subject to constraints and must meet 
requirements just as much as that of production operators; 2) the trainees receiving professional 
training are employees of a company (a temporary employment agency or a company in the 
aeronautics sector); their work can therefore be taken to be “a work of learning” (Montmollin, 1980) 
which has to be linked to the context in which it takes place; 3) these training works (of both trainers 
and trainees) challenge and must orient the way the training is designed, in the same way as the more 
“obvious” work of production operators.  
From our point of view, it is therefore a question of developing an approach to works analysis which 
allows us to take account of the baseline situations which are relevant to production and training, in 
order to design a new device or tool that might transform the conditions under which training is 
provided. The scope of ergonomic work analysis thus includes both the situations of production 
targeted at the end of training and the training situations themselves (Boccara & Delgoulet, 2013; 
Beaujouan, Aubert, & Coutarel, 2013). 
1.2.- Joint analysis of the work activity of trainers and trainees 
The work done by trainers was for a long time neglected by ergonomists and psycho-ergonomists; 
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when they did look at transmission activities or activities to accompany employed or unemployed 
people in the construction of knowledge, they focused more on academic ergonomics from the 
learners’ perspective. Their works examined school timetables (Delvolvé & Davila, 1994), how 
children’s work stations and tools were adapted or designed (Jacobs & Backer, 2002), the activity of 
teachers in the classroom (Amigues, 2003; Faïta, 2003; Ria, Sève, Durand, & Bertone, 2004; Rogalski, 
2003, 2004), their working conditions (Jobert, 1987; 1993; 2000; Méhaut, 1995) and their impact on 
health (Cau-Bareille, 2011; Chatigny, Levesque, & Riel, 2012; Delgoulet, 2012; Riel & Messing, 
2011; Santos & Feirrera, 2012).  
We base ourselves here on the model of teaching activity proposed by Rogalski (2003), in order to 
apprehend trainer work activity from a triple standpoint: professional, educational and in relation to 
the management of an open dynamic environment (Boccara, 2011; Vidal-Gomel et al., 2012). 
However, our approach aims to go beyond an analysis of trainer activity conducted independently of 
that of trainees or supplemented by an analysis of trainee activity. Our aim is to try to simultaneously 
understand the activity of both trainers and trainees using a dual approach (Rogalski, 2012) based on 
the model of dual regulation of work activity (Leplat & Cuny, 1984). Schematically speaking, this 
proposition is an attempt to go beyond approaches which analyse training situations from the 
standpoint of the trainer/teacher and/or trainee either separately or from an interactionist viewpoint by 
putting oneself in the position of the activity deployed by the actors involved: trainer(s) and trainee(s).  
This approach thus considers that the determinants of the situation are the determinants of the trainer’s 
and trainees’ activity, which echoes the propositions of the Quebec works which consider working 
conditions during training to be conditions of learning (Chatigny & Vézina, 2008; Ouellet & Vézina, 
2008; 2009; Ouellet et al., 2003). Moreover, it also considers the activity of the trainee(s) to be a 
determinant of the activity of the trainer(s), and vice versa. The trainer-trainee activity can thus be 
considered to be a co-construction which is situated, dynamic, evolutive, multifaceted, 
multidimensional and multifunctional. It therefore has characteristics in common with (though not 
limited to) formative interactions which are constitutive elements of professional transmission3 as 
defined by Thébault (2013), i.e.: “interactions which attempt to have an effect on others, which are 
designed to teach, to contribute towards their development” (our translation, p. 115) in situations of 
production or service.  
1.3.- From situations of characteristic action to their didactic transposition 
In ergonomics and professional didactics, training course design is based on the identification and 
analysis of characteristic situations of action (Daniellou, 2004) in order to recommend training 
objectives (Olry & Vidal-Gomel, 2011; Chatigny & Vézina, 2008; Ouellet, Vézina & Chatigny, 2013; 
Beaujouan, Aubert, & Coutarel, 2013), by formalising baseline professional knowledge (Samurçay & 
Rabardel, 2004) that is considered to be the content in which people need to be trained from a work 
standpoint. Some works have added to this approach by also analysing determinants of work situations 
upstream of training design, considering that improvements to trainers’ working conditions will 
improve the learning conditions of trainees (Ouellet, Vézina & Chatigny, 2013; Ouellet & Vézina, 
2008, 2009; Ouellet et al., 2003). 
Far rarer however, is research on the educational transpositions (Olry & Vidal-Gomel, 2011; 
Samurçay & Rogalski, 1998) which are at work in existing training situations as opposed to 
“production” situations. Yet it would seem important to identify the differences and similarities 
between these two types of situation from the point of view of the activities deployed, those which 
cannot be deployed and those which it would be recommended to deploy in order to improve trainee 
learning and the development of their activity. The analysis of these differences might orient training 
                                                
3  “A set of exchanges relating to professional practices, during the accomplishment of work, between individuals with 
different trajectories, experiences and levels of seniority, these exchanges being marked by the asymmetries that this 
diversity implies between said individuals.” (our translation, p. 112) 
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course design and, more specifically, the design of a new training tool, the introduction of which 
would be likely to modify the conditions under which trainer-trainee activity is conducted. So if we 
consider that this type of project relates to the design of a new artefact of instrumental vocation 
(Rabardel, 1995) for trainers and trainees, the analysis of these differences is one of the potential 
avenues that ergonomists might choose in order to examine what is desirable or possible during the 
design process (Daniellou, 2004). The project of a new artefact being a potential source for opening up 
the field of possibilities for trainer-trainee activity - as well as the constraints which might close it off 
or even prevent it (Clot, 2000) – ergonomists must be careful to encourage the former without fuelling 
the latter.  
From this point of view, the aim of the works analysis approach is to produce a frame of reference for 
training situations (Mayen, Métral, & Tourmen, 2010). This frame of reference would be an 
intermediate object within the design project (Jeantet, 1998; Vinck, 2009), the development of which 
could be pursued through its use by trainers after the design phase. The idea here is that this frame of 
reference might one day become one of the instruments used by trainers to construct potential 
development situations for trainees. In this sense the proposed approach aims to support the 
development of the actors to whom it relates.  
2.- Investigation approach and methodology 
2.1.- Works analysis approach 
Our approach consisted of three phases: building the project, defining the objectives of the research in 
partnership with all of the actors involved and considering the specificities of the three baseline 
situations already generically identified. These three phases involved (cf. Figure 1): 
! an analysis and reformulation of the demand: classic in ergonomics but far less so in this type of 
project, it allowed us to involve the strategic actors at our partner’s site (in production, prevention, 
training or in relation to the site’s CHSCT4); to discuss the benefits, conditions and possibilities of 
having access to real production and training situations; in this specific case this included an 
analysis of the project, its history, its structures and its management;  
! analyses of the work done by trainers, trainees and production operators, conducted at both 
organisational and situational levels; this involved working on issues of the transposition between 
production work and training work on the one hand, and, on the other, to study the sensitive period 
of taking up duties in the production workshop - the period between training work and production 
work;  
! a joint analysis of professional know-how and its transmission5  within the framework of a 
methodological device involving trainers. This third phase is part of the more general work analysis 
and focuses on an aspect that is central to the design of a VTE – that of the skills used and 
developed in a profession. Two objectives orient this phase: a) to gain a better understanding of the 
critical skills which underpin the activity of assemblers; b) to give trainers an opportunity to 
develop their own activity as trainers by encouraging reflexive activities in relation to these critical 
skills and to their development during training (Weill-Fassina & Pastré, 2004). 
Taken together, these phases make it possible to build and gradually enrich the design clues on which 
ergonomists can communicate and base themselves throughout the lifetime of the project, in order to 
interact with the actors in charge of actual implementation of the scenarii, the properties of the 
manipulated elements within the virtual environment and related physical phenomena. In this case the 
                                                
4  Comité Hygiène Sécurité et Conditions de Travail (hygiene, safety and working conditions committee) 
5  The term “transmission” here refers to the joint activity of trainers and trainees in situ, oriented by the development of the 
trainee’s skills.  
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design clues came in the shape of a frame of reference for training situations within and with the VTE.  
Works analysis is used on the one hand as a means to understand the activity of the different actors 
and identify professional know-how, and on the other hand as a resource to intervene both in situations 
of professional training as it currently exists, and during the design of a new training tool – in this case 
a VTE.  
 
Figure 1:  Schematization of the three phases of the works analysis approach 
2.2.- The baseline situation 
A production and training (both initial and professional site belonging to a subsidiary of our industrial 
partner was chosen as the project’s baseline site. It specialises in the assembly of the front sections of 
aircraft (forward fuselages and cockpits). Approximately 1500 employees work at the production site 
every day. The “journeyman” population (the assemblers), mostly male, is made up of two relatively 
distinct age groups which form a bimodal demographic profile (the under-30s and the over-45s). The 
seniority of the journeymen is broadly age-related and evolves in parallel. For the most part, entry into 
the profession occurs at the start of one’s working life, as a full-time company employee after a period 
of initial training (at professional Baccalauréat6 level) at the on-site training centre. It can also take the 
form of a temporary contract which includes a ten-week professional training course, eight weeks of 
which take place at the training centre, with a further two weeks of tutorship at a production station. 
After their training has been validated by obtaining the Certificat de Qualification Professionnelle de 
la Métallurgie (CQPM – certificate of professional qualification in metallurgy) and after one or more 
periods of temporary work, these workers can become full-time employees.  
96% of the trainees7 who follow the professional training course are men; they form a population 
which is heterogeneous in terms of age, professional experience, initial training and level of 
qualifications. Two thirds are under 25 years old and 19% are over 30. 15% have a technical 
qualification (two-year post-high-school diploma), 47% have a high-school diploma (professional or 
technical) and 33% have either a professional aptitude certificate (CAP) or a professional studies 
diploma (BEP), in some cases both. The trainees have generally had some initial training (essentially 
mechanical) outside the aeronautics sector.  
In this company “trainer” is not a structured profession in itself; it is a position which is held on a part-
time or full-time basis. Nor is this role formally integrated into the career paths of the journeymen at 
the production site - unlike what happens in other companies (a means of occupational rehabilitation 
                                                
6
 Approximate equivalent of US high-school diploma (HSD). 
7 This analysis was performed on a population of 163 trainees who had received training between 2010-2012. 
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and/or evolution at end-of-career; a means of starting a career). On the contrary, the training entity 
even has problems “extracting” journeymen from production situations so that they can become 
intermittent or full-time trainers. More specifically, training is coordinated and run by two trainers 
over the age of fifty who are nearing retirement. They both have over 30 years’ experience in 
production (as journeymen on production lines or as technical managers). One of them has been a 
trainer for two years, the other for one. They have received no training for this; they learned “on the 
job”, from previous trainers.  
In order to meet increasing needs for manpower, the production site makes huge demands of the 
training centre’s two training branches (initial and professional). 
2.3.- Gathering data 
Because the project was based on an essentially qualitative approach, using empirical data from real 
work or training situations, we chose to triangulate the methods used (Guilbert & Lancry, 2007; Jick, 
1979; Leplat, 2002). This triangulation consisted in combining several different methods of data 
collection, in order to: 1) reduce the biases inherent to each method and thus increase the reliability 
and validity of the empirical data gathered; 2) to provide a qualitative richness and a better 
understanding of the phenomenon studied; 3) to facilitate understanding of processes which cannot be 
directly observed, such as conceptualisation in action (Pastré, 1999). This approach thus combines 
various classic ergonomic methods: field observations (Guérin, Laville, Daniellou, Duraffourg, & 
Kerguelen, 1991; Rabardel, Carlin, Chesnais, Lang, & Pascal, 1998), exploratory interviews (Blanchet 
& Gotman, 1992) or self-confrontation interviews (Clot, Faïta, Fernandez, & Scheller, 2000; Falzon & 
Mollo, 2004), and a documentary collection (Guérin, et al., 1991). Our work analysis was thus based 
on fourteen days of field work (eight on training and six on production), on twenty semi-structured 
interviews and on two 4-hour self-confrontation sessions with each trainer. The empirical corpus thus 
created came from various sources. For this reason, a fieldwork diary (Arborio & Fournier, 1999) was 
kept throughout the project in order to maintain the coherency of the overall objective of work 
analysis in terms of project orientation, and of the upstream design of a VTE. This journal allowed us 
to recreate the chronology of the events which constituted the design project (Boccara & Delgoulet, 
2013), and to ensure the temporal intersection of the data collected and the content produced.  
During the training, observation days were organised in such a way as to gain an overview of how 
temporary workers were trained during their time on the workshop line. We conducted exploratory 
interviews with the two resident trainers, in order to delimit and understand their work. Other 
interviews were also conducted with 20 trainees from three distinct groups, at a specific moment in 
their learning trajectory on the workshop line: on group at the start, one in the middle and one at the 
end of the training. The objectives of these interviews were to trace their professional pathways and to 
identify both their evolution during training and what they found to be difficult or easy during the 
learning process. We also collected and analysed a certain number of documents: the training 
programme, lecture material and technical sheets containing exercises on the workshop line.  
At the production site, two work stations were selected after discussions between the training centre 
managers, the site ergonomist and the production manager: the cockpit of one type of aircraft, 
designated by the term “forward point”, and the forward fuselage of another type of aircraft, referred 
to as the “hull”8. These actors felt that these two stations were satisfactory examples of the main 
assembly tasks that journeymen have to perform. They allowed us to understand the wide variety of 
situations (operations, fittings, parts, types of aircraft) and production rhythms (depending on the type 
of plane being assembled), the existence of unforeseen events (supply, employees per station, cluttered 
work spaces, accessibility of the items to be assembled, etc.) and the collective aspect of the work 
(sharing work spaces and tools, performing tasks in teams of two). They also met the company’s 
                                                
8 Due to a temporary absence of production at the “forward point” station during the period of our empirical data collection, 
most of our observations were made at the second station.  
!766"#"'(9*(:(;&,/75,&+'()*  Works analysis 
  in training design 
Activités, Volume 12 numéro 2 144 
requirements and expectations in terms of protecting industrial secrets, production continuity 9 , 
perennial operations within the provisional production schedules (no sub-contracting planned for the 
future) and professional constraints – in particular the physical constraints inherent to the profession. 
We also gathered a set of data relating to the population and work accidents, produced or collected by 
the human resources and occupational risk prevention departments. For reasons of industrial secrecy, 
we were only allowed to consult documents concerning work orders and the traceability of work done 
by the journeymen: station documents, production schedule, technical specifications and assembly 
monitoring sheets.  
The co-construction device deployed during phase 3 involved only the trainers. It consisted in: 1) 
selecting an existing task that the trainers would perform; 2) filming the trainers while they performed 
the task; 3) conducting a self-confrontation interview with each trainer.  
The task chosen (exercise 1), with agreement from the two trainers, presented the advantage of 
including a wide range of sub-tasks, processes and tools of the profession; it could be carried out in 
one day without interfering with the arrival of a group of trainees on the workshop line. Two cameras 
were used to film each trainer throughout the day (a total of 16 hours of video): the subjective camera 
allowed us to see the trainer’s field of vision while the task was being performed and to get as close as 
possible to the visual acuity that the profession demands; the external camera filmed the same trainer 
and his working environment. Parallel editing of the two recordings gave us an overview of the scene 
as it unfolded and facilitated later discussions during the self-confrontation interviews (cf. Figure 2). 
During the interviews, we asked the trainers to watch the video sequence (with the possibility of using 
slow motion, fast-forwarding, or pausing) and to comment on the phases they felt to be important. 
Pauses were an opportunity to ask them about the objectives of transmitting knowledge to trainees and 
about the practical modalities. These self-confrontation interviews were filmed and transcribed. Their 
specific aim was to understand the conceptual aspect of the work carried out by the assemblers (Pastré, 
1999, 2005, 2011) as they performed four elementary tasks required in the assembly profession 
(drilling, counter-boring, reaming and riveting), central to training.  
 
Figure 2: An example of video playback after editing film from the two cameras (external 
on the left and subjective on the right) 
3.- Above and beyond the analysis of what already exists in production 
3.1.- Analysis and reformulation of the initial demand: towards a more global 
and shared approach 
The aim of the project was to propose a virtual environment which offered a balance between three 
                                                
9 The presence of one or two researchers at the station was not allowed to disrupt the journeymen’s work. Because space was 
sometimes restricted at certain work stations, it was not always possible for observers to be present.  
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dimensions (Amokrane, K., Andriot, C., Boccara, V., Carpentier, K., Convard, T., Delgoulet, C. et al., 
2013): a) the coherency of the perceived environment: natural interactions, virtual environments which 
are graphically, physically and semantically realistic; b) emergence: freedom of action, confrontation 
with a wide variety of situations within a complex sociotechnical environment; c) control: dynamic 
adaptation, personalisation of learning situations and of assistance with interaction in accordance with 
the training objectives, intentions and learner profile. Within this overall objective, which essentially 
aimed to undo the scientific and technical “locks”10, numerous issues nevertheless came to light. 
Our aim here is not to provide an exhaustive list of these issues, but to give an idea of their diversity. 
For example, our industrial partner already had a Virtual Reality (VR) department and had for several 
years been gambling on the fact that these technologies would help maintain and increase its 
competitiveness. By taking part in our project, it hoped to measure or even validate the added value of 
VR in training its assemblers. The training centre saw the project as an opportunity to occupy a new 
position in the training market and to reduce its training costs. For the prevention department, it was 
an opportunity to (re)examine the way workstations were currently designed and what was causing 
accidents (particularly among novices). As far as the methods department was concerned, the utility 
lay in the earlier familiarisation of trainees with the physical and organisational constraints of 
professional situations and with performance and quality requirements. At another level, the research 
team in charge of storytelling particularly wished to move ahead on issues of integration in their 
animated AVC model (Autonomous Virtual Characters), these being aspects which have not received 
much attention in the literature: restitution of the collective dimension, relating to coordinated 
situational action between the AVC and the trainee; or that of emotions when confronted with 
unexpected situations, etc.  
In reference to Daniellou’s works (2004; 1992), in such a project the function of Project Ownership 
(POW) is comprised of two levels of actor – the ANR and the industrial partner. As the project funder, 
we can consider the ANR to be the first part of the project ownership, conveying a “desire in relation 
to the future” regarding the orientation of priority objects of national scientific research within the 
development of an economy of innovation and knowledge (MESR, 2009). The industrial partner and 
the training centre also conveyed in part a “desire in relation to the future” in terms of the preferred 
uses to be made of such a VTE in the professional training of production operators. The Project 
Management (PMA) – in charge of project feasibility – was made up of three research teams (which 
included the ergonomists) and of the 3D graphics company. Each team was responsible for a technical 
and scientific part of the future system, with one team being in charge of overall project management, 
particularly on behalf of the ANR.  
As is quite often the case, it became obvious that there was no clear identification or presence within 
the project of the POW, which worked in favour of the PMA, “the project then being run by the 
technical element” (Daniellou, 2004; p. 361). The place initially envisaged 11  for the team of 
ergonomists was similar to the section of the PMA in charge of integrating human factors from a user-
oriented design perspective (Bastien & Scapin, 2004): “a needs analysis phase involving future users, 
a design, test and completion phase, and an implementation and follow-up phase” (pp. 451-452). In 
reality, the approach went beyond the position initially envisaged, becoming located at the interface 
between the POW and the PMA, respectively represented by the industrial partner, its subsidiary and 
the research team in charge of the project. The ergonomists took part in this project with a view to 
transforming the work done and developing professional skills, with the dual objective of performance 
and health. The first stage of the demand analysis thus aimed to construct this position; in particular, 
this required the involvement of various company actors in addition to those already identified (the 
training centre director and the coordinator from the virtual reality department): trainers, teachers, 
                                                
10 “Verrous” in French. Term systematically used by the ANR to qualify scientific challenges and issues. 
11 We wish to make it clear that we did not participate in the creation of the project, we joined it during the course of the first 
year. This paragraph therefore reflects our understanding of the initial organisation of the project, developed after reading 
the document responding to the call for projects and after the first discussions we had with the coordinators of the 
different partner teams when we joined the project. 
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trainees, prevention department (occupational risk management staff, occupational doctor), internal 
ergonomist, journeymen, team managers (N+1), line managers (N+2) and the CHSCT.  
The processes of understanding the project and analysing demand took place over a period of fifteen 
months: from the first contacts with our industrial partner and its subsidiary (initially limited to the 
possibilities of gaining access to the field of investigation) to the presentation of the study and its 
validation before the site’s CHSCT. This phase allowed us to resize the scientific project through a re-
examination of its “intentions” (Barcellini, Van Belleghem, & Daniellou, 2013), not just by putting 
into perspective the knowledge developed in relation to the actual work and technological 
possibilities, but also in terms of the relevance, from a work standpoint, of the scientific options 
validated up to that point. It led to a shift from the initial objective of using Virtual Reality to teach 
“professional gestures” within a course built around a future VTE which would take full charge of the 
trainee, to a project, within a broader training context, to design a VTE which would help to develop 
the cognitive organisation of the action when performing assembly tasks (Boccara & Delgoulet, 2013). 
3.2.- The work carried out by aeronautic assemblers 
3.2.1.- Work organisation 
The work organisation is of a “lean manufacturing” type. Production takes the form of small or very 
small series of products. Because each aircraft is built for a specific airline company, there are 
numerous variations in assembly, depending on the options chosen by the customer. Before delivery, 
the aircraft parts move from one station to the next, on a flexible assembly line in the workshops. The 
work pace depends on the type of plane and more specifically on the efficiency of the production 
process. The “slowest” work pace is to be found at the station where the most recent aircraft are 
assembled; they are built at a rate of two per month (the first station studied). The “fastest” pace is 
found on the older production lines, with a rate of two days per plane. There are also intermediate 
categories, with three aircraft being produced per week (second station studied).  
The teams are organised into two shifts (2*8) with an overlap period of six minutes between the 
morning team (05:00-13:36) and the afternoon team (13:30-22:00) and a weekly rotation of the teams 
between the two shifts. Supervisors ensure that rules, procedures and directives are followed, with the 
threefold objective of guaranteeing quality, costs and deadlines.  
The division of labour is decided when a team takes over a station, at 05:00 or 13:30. For reasons of 
responsibility or traceability of the work done, it is preferred that a journeyman carry out an operation 
from start to finish: if a person makes a mistake then he/she must correct it. However, given the time it 
takes to perform certain operations (sometimes several hours), journeymen are often obliged to work 
together on the same operation or to share sub-operations when this is materially or temporally 
possible.  
3.2.2.- Journeymen' tasks at the manufacturing stations 
The work done by journeymen is generally governed by directives (concerning use of tools, safety, 
quality) and by the rules governing the profession and procedures; these are provided in the 
construction plans for each aircraft element and in the work lists (parts, fittings, work schedules, 
regulatory documents to be consulted and allocated times). On a day-to-day basis the journeymen do 
not work with the plans in front of them. Their experience means that they have memorised the work 
to be done and the order in which it must be completed. The plans are nevertheless a useful resource 
when there is a doubt or where novices are concerned. For example, according to the journeymen who 
work there, it takes two years for an experienced journeyman to master the “hull” station we observed.  
The tasks required at each of the two stations we studied are described as being part of the “finishing” 
phase. They consist in installing different fixed supports and fittings on the aircraft, which will serve, 
for example, to guide the passage of the electric cables or pipes that will power the plane and make it 
run. Five operations are thus programmed at the “hull” station, divided into 49 sub-operations for the 
upper section of this element (the interior of the fuselage). Their completion time is estimated at 128 
man hours, with the element in question spending between two and three days at the work station. A 
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total of 314 parts are fitted onto each hull by a team of four journeymen.  
The journeymen must assemble the aeronautical parts using a set of fittings essentially made up of 
three main types of rivet and screw. Analysis of the required and effective tasks allowed us to identify 
eighteen elementary tasks which were systematically part of the operations performed by the 
journeymen and which thus formed the basis of the profession: boring, gluing, counter-boring, 
etching, burring, stapling, milling, drilling, bevelling, etc. In other words, they constitute the minimum 
basis of “what one needs to know and be able to do” in order to assemble aircraft parts. Depending on 
the fittings to be attached and the conditions for assembly, they are, can be or must be done in 
different orders. Each of these tasks is subject to standards of tolerance in the order of one tenth of a 
millimetre, or even one hundredth in certain cases. The journeyman’s job thus requires extreme 
precision.  
Moreover, these tasks are performed using a very wide range of tools and materials (dozens or even 
hundreds) specific to the profession. For example, we identified at least 45 tools which are used to 
carry out just the “basic” tasks: drill, rivet gun, pneumatic screwdriver, LGP riveter, drill (angled or 
otherwise), reamer, staple puller pliers, etc. 
3.2.3.- A wide variety of work situations 
Given the requirements of manufacturing in small series for several different models of aircraft, the 
journeymen’s work is carried out in a wide variety of situations, and the way these situations are 
configured varies over time. Our observations and the exploratory interviews with the journeymen and 
their immediate superiors allowed us to identify the main aspects of this situational diversity and 
variability. Seven of these are listed below: 
! levels of physical ambiance (sound, light, heat) which fluctuate depending on the task being 
performed by the journeymen or their colleagues (riveting is particularly noisy for example), on the 
work phase or on the time of year (fluctuations in ambient temperature and light sources between 
winter and summer);  
! parts to be assembled which differ in size, thickness and weight; according to our observations, 
they are generally handled by a single journeyman, except where they have been prepared on a 
workbench as a sub-set which can be several metres in length;  
! tools which differ in terms of weight (light/heavy), operation (manual/semi-automatic/automatic, 
etc.), condition (wear and tear, cleanliness), requiring different strategies and modus operandi: for 
example, when using a worn drill bit one has to exercise greater force on the drill and/or a faster 
rotation than when the bit is new;  
! sections of the aircraft which are between 9m! and 15m!, on which up to four journeymen might be 
working at the same time: this means that each one knows what he has to do and has organised 
his/her work space in such a way as to not disturb the others, reducing the amount of toing-and-
froing between the workbench and the areas where tools and parts are stored. It also means they 
must be aware of how the work of the other journeymen is progressing and how their own work 
zone is temporarily organised;  
! the work space configuration and assembly zone accessibility, which oblige the journeymen to 
very frequently change posture, thus causing a series of “atypical” postures which can be 
detrimental to health: riveting whilst sitting on a part, head forward; drilling or riveting whilst 
standing and bent forward, head down; drilling whilst balancing on a footstool with arms raised 
above the shoulders; drilling in a kneeling position, bent forwards, arms pushed in between gaps in 
the floor structure; drilling and riveting whilst lying down on metal transoms, etc.  
! situations where two persons work together to perform riveting, requiring them to share a small 
work space which in most cases causes them to be in physical contact with one another: crouched 
in front of the rivet, shoulders touching, or lying down face to face, arms extended towards the 
riveting zone and also either side of a wall section. This proximity while working sometimes puts 
the journeymen in a paradoxical situation: a priori they can see what they are doing, but their 
physical proximity whilst performing the task can hide their own work and that of their colleague; 
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! directives, procedures and rules (operations, quality, safety) which depending on the work situation 
are not always easy to put into practice; the wearing of certain items of PPE12 is a perfect example 
of this: it is impossible to wear a hard hat when one is working with the head bent forward or 
downward, or when working in physical contact with a partner – situations which regularly 
occurred at the two stations we observed.  
3.2.4.- Quality requirements and repairing defects 
As already explained, assembly work is very precise work, involving numerous dimensions of 
physical and cognitive action. Given the demands of production, defects are not uncommon. Some 
mistakes require the quality control department to issue derogations and organise ad hoc repair 
procedures which do not affect quality or final assembly. The company has defined ten categories of 
defect: drilling outside tolerance range, fuselage dents, scratches or deformations, accidental drilling 
of a part, etc. There are three levels of derogation: the bigger the repair, the more it costs, due to the 
involvement of the engineering department and the additional time required for the repair.  
At the hull finishing station, 12,930 defects were identified over a period of four months; 75% of these 
were the object of a derogation. The most widespread defects were holes drilled outside ranges of 
tolerance (43.3%). We also saw that “dents, scratches and deformations” represented a significant 
proportion (31.7%); they were not directly linked to the performance of elementary professional tasks, 
but to the way tools were handled and to the movements of journeymen over the aircraft sections. In 
third place were “accidental holes” (19.3%), i.e. holes accidentally drilled into parts located behind the 
part intended for drilling. The line managers believed these defects to be due to the work done by new 
recruits who had not checked the configuration of their drilling depth before beginning the task. They 
described them as having a major financial impact due to the time it takes to remove the accidentally 
drilled part, to scrap it, to order and assemble a replacement part, or to repair the damaged parts.  
3.2.5.- New recruits and work accidents 
In partnership with the prevention department, we worked on the database for work accidents which 
had occurred at the site over the six years leading up to our study (2006-2011). The database contained 
a total of 339 events i.e. approximately fifty recorded events per year.  
In order to work on the transition phase between training and productive work, our accident analysis 
focused solely on the population of recently recruited journeymen (between 0 and 2 years of seniority, 
having previously taken a course at the training centre). It allowed us to identify a certain number of 
accidentology trends among novices who were for the most part under the age of 30. Out of all 
accidents, 30% (102/339) concerned novices. They were divided as follows: 52% occurred when 
handling tools (drill, staple puller pliers) or professional equipment (53/102), 24% related to falls 
(24/102), 14% involved bumping into aircraft parts or frames and 10% concerned sudden pains 
(essentially back pains).  
Injuries when handling tools or equipment (the most frequent) might occur when a journeyman is 
performing a task on his/her own: usually when preparing equipment or tools, carrying out 
maintenance on tools or when handling the staples which allow them to temporarily assemble a 
number of parts before definitively fixing them with screws or rivets. They can also occur when 
working in pairs (a journeyman injures his/her partner, a novice), usually when riveting. The parts of 
the body which are injured are: fingers (drilled, crushed, pinched, scraped), the face (flying staples, 
bumps against aircraft sections, metal shards flying into the eyes), the ankles (sprains caused by falls), 
the back (pains when carrying loads, when changing position, when doing heavy work).  
                                                
12 Personal Protective Equipment. 
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3.3.- Training work: trainer-trainee activity 
3.3.1.- Training organisation 
As a reminder, the professional training of temporary workers takes place at the training site. Each 
session is comprised of 12 trainees wishing to obtain the CQPM certificate. The course is coordinated 
and run by one of the two trainers mentioned above. Each group is led by a trainer.  
Two weeks of classroom lectures are devoted to technical and regulatory content divided into 15 
themed modules. Our documentary analysis and interviews with the trainers demonstrated the scope of 
knowledge that the trainees have to acquire during these lessons. They cover parts, tools, fittings and 
the procedures to be used, specific to aeronautics. The content is presented in consecutive but separate 
modules (this aspect is accentuated by a succession of different contributors); the trainees have to 
work on the one hand on the links between the names of the objects, the tools, the tasks to be 
performed and the procedures and, on the other hand, on the representation of the dynamics of 
assembly work. Whilst the trainers try to take account of these links and expand on them, their training 
activity is hindered by a set of organisational factors: the separation of the two training areas (the 
workshop line and the classroom), with the difficulty of going back and forth between the two areas in 
order to illustrate what is being taught in the lectures, or, when the trainees are doing practical work 
(PW), of returning to the classroom to re-examine underlying physical concepts and phenomena; the 
way the classroom is organised in rows of tables; the supports used for static lessons (slides, paper 
documents); and the short duration of the course compared to the volume of content to be taught. 
Six weeks are then devoted to PW, comprising three exercises which take place on the training line 
under trainer supervision. These exercises are carried out on scaled-down aircraft smaller than those 
found on the actual production line. The workshop line is made up of a large workbench with twelve 
work stations, which is used for exercise 1, and three types of vertical frame (ten frames in total) used 
for the other two training exercises. The trainees mainly work in standing or kneeling positions, or on 
footstools, facing the work area. Two groups of trainees can work in parallel on the workshop line.  
Both the two trainers and the trainees consider the shift from lectures to PW to be a critical period 
within the training process. The trainees we interviewed said they felt “lost” during their first two 
weeks on the workshop line. This was the period required to complete the first practical exercise, 
which involved most of the tools, fittings and basic tasks. The following quotes, taken from four 
interviews with trainees, offer a glimpse of the obstacles they face:  
Trainee 1: “I was just a bit lost when it came to the tools, the names, and the different cutters, the solid 
cutters and all that, so it was the names”.  
Trainee 2: “At first I tended to confuse some things with other things, and I had to look at the text book 
to check … depending on the process, or depending on the products we use, to degrease or to glue, or 
to … and we do remember, but sometimes we get a bit mixed up, depending on the colour of the 
products or other things …”. 
Trainee 3: “During the fortnight [of lectures] we didn’t know what he [the trainer] was talking about 
[…]. But you can’t match a word with an object that you’re not familiar with, while you … It’s not 
easy. […] He [the trainer] talked about ‘cutter’ or ‘bucking bar’… a bit of everything, you know, the 
products we use. They are new words for us, we don’t know those tools, so when we were in the 
workshop afterwards, he’d tell us to go and get this tool or that, he’d told us about them but we didn’t 
know what to get”.  
Trainee 4: “When he [the trainer] talked to us in class, how can I put it … you don’t really see, you see 
it on the picture [photo or drawing of the tools and equipment discussed in class], but you don’t really 
know what it is, what it does. So when you get to the workshop, at first it’s not that easy, but you get 
used to it quite quickly. But then again, you’re doing it every day …”.  
The links the trainees must make during the lectures thus become an object of learning during this 
initial period of practical work. More specifically, at the end of this exercise, the trainees said that they 
had mastered the links between the professional lexicon, the tools, the objectives to be achieved and 
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the temporal order of operations to be performed. During this period, they had constructed “what 
needs to be done” in interaction with “how to do it” (what resources to use) – a construction which 
continued throughout the two other training exercises. The feeling of “being lost” during the first two 
weeks of the workshop thus stemmed from the difficulties they had in understanding “what needs to 
be done” which prevented them from constructing a “how to do it”. In other words, they had 
difficulties in identifying the explicit and implicit aspects of the task to be performed, despite the fact 
that technical instructions containing detailed diagrams and explanations were provided to guide them 
in completing the task.  
3.3.2.- The educational dimension of working on the workshop line 
Of all the observations made during the workshop line sessions, lets us keep in mind that the 
educational activity of trainers involves organising the training sessions and the “guidance” of the 
trainees as they do the exercises. Because lecture and PW content has been determined and validated 
by the professional branch which issues the CQP certificate (Metallurgy), trainers have little leeway in 
this area. On the other hand, they must keep a constant eye on the availability of the premises, on the 
coordination of the two groups receiving parallel training, on the organisation of training sessions, on 
the availability of contributors from the production departments (who might change or cancel their 
classes at any moment due to production constraints taking precedent over training) – and all of this 
whilst making sure that their progression has meaning for the trainees. The trainers have a dual role 
when it comes to guidance: in turns, or together, they are “assistants” and “assessors” of the finished 
work. As assistants, they orientate (“what needs to be done”) and support the trainees in their learning, 
using technical, regulatory and professional know-how (how to do it). As assessors, they check what 
the trainees have learned. During the training process, these two roles give the trainers opportunities to 
transpose the critical aspects of production situations by temporarily taking on the role of a line 
manager, of a quality controller or of another journeyman, in a fashion similar to language simulation 
(Nicolas, 2000a; 2000b; Béguin & Weil-Fassina, 1997) for educational purposes. They also play on 
organisational factors: lack of tools, their wear and tear, poor tool storage, the collective aspects of the 
work (inter-dependency of tasks between journeymen, space and tool sharing, etc.) or the 
overcrowding of work stations and its consequences on the work. These simulations can be either pre-
planned or spontaneous, depending on the training situation and on the mistakes or interventions of the 
trainees. They thus constitute opportunities for learning about aspects of the job that the workshop 
line, as a training device, does not intrinsically offer, but that the trainers – as former journeymen in 
the production workshop – can introduce through their own personal experience.   
From another standpoint (Rogalski, 2003), interventions by the trainers act and/or react to the 
development dynamic of the trainees’ skills. Their interventions are thus partly based on the diagnosis 
they make of the state and possible development of the trainees’ skills, and on how they believe their 
interventions will affect this development. As has been observed in other works (Antolin-Glenn, 2005; 
Boccara, 2011; Vidal-Gomel, 2001), trainer interventions may be characterised in terms of mode (both 
groups, a single group, a single trainee, etc.), of form (explanation, correction, guidance, etc.) and 
content (objectives, subject matter, rules, procedures, etc.; Boccara, 2011) and their relation to the 
profession (regulatory, technical, safety, ethical, etc.). During the interviews the trainers stressed the 
importance of talking to the group as a whole, in order to avoid having to repeat and to ensure that 
explanations are homogeneous. They also feel that demonstration helps trainees to understand, 
particularly when it comes to illustrating and explaining indicators which are difficult to explain in 
words, such as noise, time or tactile sensations. Demonstrations are therefore used “to make trainees 
see what cannot be seen” when one is not part of the profession. In addition, the trainers constantly 
“walk around” the workshop, intervening in an opportunistic manner when they see that trainees are 
having difficulties or making mistakes in situ. This strategy also makes it easier for trainees to ask for 
guidance whilst doing the exercises. In this way the trainers are able to monitor their trainees both 
collectively and individually.  
Using the co-construction device (cf. phase 3 of the approach) and previous works carried out on this 
professional sector (Aubert-Blanc, 2009), we reconstituted two conceptual structures (Pastré, 1999; 
2011): the first underpins tasks of drilling, counter-boring and reaming; the second underpins the task 
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of riveting, either alone or in a pair. We thus highlighted three pragmatic concepts13: “squareness” and 
“advance14” for the first conceptual structure; 2) “squareness” and “bucking15” for the second. These 
conceptual structures were the subject of discussion between the two trainers, who improved them 
prior to validation. As from the very first exercise, with help from the trainers, the trainees are 
required to go through the motions so as to gradually mobilise and construct these concepts. Right 
from the start of the training course in the workshop, the trainers discuss said concepts (e.g. 
squareness, advance, etc.), parameters (e.g. speeds of rotation, accessibility of holes, etc.) and 
indicators (e.g. thickness, what the parts are made of, greasing, wear and tear, dimeter of the drill bits 
used). These elements are not introduced one after the other without there being and explicit link 
between them. On the contrary, the trainers explain the relationships between the different items 
necessary to the identification of the state of the situation and the operations required. They clarify the 
“links” that the trainees must establish if they are to understand the situations they are facing and what 
they need to do. However, whilst these concepts are taught by the trainers, they do not appear to be the 
object of any formalised and structured transposition to help the trainees develop them during the 
course. It is therefore likely that the conceptual structures highlighted will become future tools for 
training course design: the assessment of exercises and existing progression, but also the creation of 
new exercises for future training situations.  
4.- Discussion and Conclusion 
This study, which aims to inform existing work situations (in production and training) is thus part of a 
perspective for ergonomic intervention where artefact design does not just mean proposing criteria for 
“ergonomic” design or evaluation. It is also about offering the actors involved in design opportunities 
for development (Rabardel, 1995) – in this case those we met in a training context (trainees and 
trainers), in production (ergonomist, preventers and journeymen) and in design (computer engineers, 
manufacturers and designers, project partners). As Béguin and Cerf (2004) point out, design can have 
several purposes, including that of designing for geneses. This design horizon goes beyond the end of 
the formal design process (the project). It is an invitation to anticipate possible appropriations and uses 
which may, in certain cases, lead to transformations or reconfigurations of the artefact. During the 
project it therefore introduces a reflection on the boundaries of the system, the room for manoeuvre 
that they offer or which might encourage development.  
Above and beyond our contribution (through an analysis of what already exists) to the design of a 
VTE within the framework of a research project, the work analysis allows us to take account of the 
stakes of the various scientific and industrial partners involved in this project, in addition to those led 
by the actors on the ground. During the course of this approach, because the focus of the analysis, the 
actors involved and the results produced all evolve, a dialogical design process is created which both 
encourages and causes compromises to be made. As part of this developmental objective (Béguin, 
2007) we find, for example, trade-offs between the desires of future users (management, trainers or 
trainees) and existing technological possibilities; or between scenarii which are technically possible, 
offering new scientific challenges to researchers and designers, and those which are more desirable 
from the standpoint of skill development, of protecting the health of future journeymen, or of the room 
for manoeuvre of trainers and hence of system performance. The design of training artefacts within the 
framework of a works analysis is thus also an opportunity to re-examine productive work and the 
                                                
13   The terms used in the French text come from the professional terminology used by French journeymen. The terms 
employed in the translation are not necessarily those used by professional journeymen in the British aeronautics industry. 
14  The pragmatic concept of “advance” refers to the drill bit’s progession through the material; it essentially depends on the 
pressure a person applies to the drill, the rotation speed of the bit, its diameter, its cutting edge and the quality of the 
material; but it also depends on the type of part being drilled or counter-bored and on its thickness. 
15  The pragmatic concept of “bucking” refers to the gradual compression of the rivets, which mainly depends on the 
characteristics of the rivet (shape, diameter, length, material, etc.), on the impact on the rivet head (pistol and head type, 
force, frequency and duration) and on the “bucking bar” (size, shape, material) used as a counterpoint to facilitate rivet 
bucking (thickness, material force exerted).  
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actors who organise it (concerning the organisational choices made or the tools used to monitor 
prevention, to give but two examples). In this respect we follow the tradition of ergonomists who, 
through training, aim to transform work (Falzon & Teiger, 2011; Lacomblez, Bellemare, Chatigny, 
Delgoulet, Re, Truel, & Vasconcelos, 2007). When designing a VTE, the scope of research-
intervention was originally confined to existing work situations. One of the challenges of our “works” 
analysis approach was to extend this scope by more broadly involving actors from the production site 
(prevention, occupational medicine, ergonomics and production) and from the training centre (trainers 
and trainees). We were not tasked with transforming the work situations (production or training); this 
extension thus aimed to integrate the aforementioned actors so that they could make an internal 
contribution towards improving work situations, using the analyses produced during the project. It was 
based on a demand analysis integrated into a project analysis. This was justified both by the format of 
the responses to this type of project (broken down into tasks and sub-tasks, focus on scientific 
knowledge which already exists or which will be developed, and its areas of application) and by the 
time constraints imposed by the funding party (response to be supplied several months after the call) 
which made it difficult, straight after the response, to implement a properly coordinated approach 
between the industrial partner and the research teams. Moreover, our absence during the preparation 
and start of the project undoubtedly contributed towards our need for clarifications when we joined. 
Retrospectively, this phase contained strategic challenges regarding the role of the different actors, the 
structures for discussion/dialogue and decision-making, the scope, the orientation and the project 
story, which would encourage this type of analysis to be generalised as an entirely separate research-
intervention phase. It was indeed this phase which made it possible to include the trainers in the device 
for analysing training situations, which helped bring to light the changes needed in their working 
situation (adapting the training premises, improving the pedagogical tools) and triggered reflection on 
their own training practices which was favourable to their development and to the preservation of their 
room for manoeuvre.  
More specifically, the work analysis approach is intended to produce and sustain a frame of reference 
of situations (Boccara, et al., 2014; Mayen, et al., 2010) synthesizing design clues which fulfil the role 
of intermediary objects within the design process (Jeantet, 1998; Vinck, 2009). This frame of 
reference of training situations integrates: 1) organisational and situational factors in production and 
training, 2) potential sources of accidents and defects in production, 3) tasks, processes, rules and 
tools, and 4) elements relating to pragmatic conceptualisation and to the organisers of the 
journeymen’s activity. This frame of reference was designed with the dual objective of an operational 
tool for: 1) training course design managers (trainers, teachers and the training centre director); 2) the 
VTE designers, with a view to proposing potential development situations in and with the future VTE 
(Mayen, 1999).  
From the standpoint of current training course design, the films made with the two trainers 
complemented the lectures by offering the possibility of setting in motion and taking account of the 
dynamic of assembly work which has until now only been examined in a purely static manner – a 
form which satisfied neither trainers nor trainees (see above). The frame of reference of situations 
attracted the interest of the various actors. It nevertheless supposes a work of appropriation which has 
not yet been carried out by actors involved in training course design. The conditions for this 
appropriation and for the possible support processes undoubtedly constitute a field of research to be 
investigated in order to strengthen the role of ergonomists in training course design.  
From the point of view of VTE design, the frame of reference of situations was a resource and a tool 
with which to define and construct the material interface (commands, technical device, etc.) and the 
software interface with a set of training scenario, potentially mobilising virtual agents and satisfying 
the different modes of use depending on the type of real training situations envisaged (in the 
classroom vs. in the workshop, individual vs. group, with a trainer vs. without a trainer, etc.). The 
suggested frame of reference thus offers a set of elements which may be used and combined in various 
ways, in order to simulate training situations in line with the questions asked during the design process 
and as they evolve. It also helps to guide the functional analysis and the development of specifications 
with and for the design team, taking into account the utility, the usability and the learning aspect of the 
!766"#"'(9*(:(;&,/75,&+'()*  Works analysis 
  in training design 
Activités, Volume 12 numéro 2 153 
future system (Delgoulet & Boccara, 2013). 
In conclusion, works analysis opens up perspectives for research and intervention in the field of 
professional training and, more particularly, for the design of training devices, tools and/or content. 
The example discussed here underlines the potential of re-examination with the aim of transforming 
work situations in production and training, on the one hand using training demands as an entry point, 
and on the other hand with a view to redirecting and being more precise about the intentions of the 
design project. Finally, it allows us to think about the multiple objects and purposes of design 
processes in order to go beyond approaches which focus on the development and respect of 
“ergonomic” criteria.   
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RESUME 
Cet article présente et discute une démarche d’analyse « des travails » dans le 
cadre d’un projet de conception d’un environnement virtuel de formation 
(EVF) au métier d’assembleur-monteur en aéronautique. Cette démarche, à 
la croisée de l’ergonomie et de la didactique professionnelle, a été menée en 
trois phases : 1) une analyse de la demande et du projet, 2) une analyse des 
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travails (formateurs, formés, opérateurs de production), 3) un dispositif de 
co-analyse des savoirs de métier et de leurs modalités de transmission, 
impliquant les formateurs.  Au cours de cette démarche, la focale de 
l’analyse du travail, les acteurs impliqués ainsi que les résultats produits 
évoluent. À partir d’une réflexion sur notre pratique d’ergonome, il s’agit de 
discuter des apports d’une analyse « des travails » comme moyen d’identifier 
les multiples horizons des situations de formation à concevoir et 
d’intervention en conception.  
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